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Summary: The skipjack tuna, Katsuwonus pelamis, inhabits tropical and subtropical oceans the world over, and contributes 
substantially to total tuna catches. Both fishing pressure and anthropic influences affect skipjack populations, impacting on 
economic returns and investment. The present study analyses and compares spatial time series of catch and catch per unit 
effort (CPUE), of pole-and-line fishing of skipjack tuna from Brazil, South Africa and the Maldives. Both regional and inter-
regional analyses were conducted for the period 1970-2014 in order to ultimately investigate potential associations between 
these fisheries, climatic conditions and the El Niño Southern Oscillation (ENSO). Correlation tests and spatial mapping tools 
were used. From 2004 to 2011, South African skipjack catches correlated positively with Brazilian ones and negatively with 
Maldivians. CPUEs from the Brazilian and Maldivian skipjack fisheries showed a significant positive correlation in the pe-
riod 1982-1993. Yearly catches from all regions were strongly associated with the Northern Oscillation Index (p<0.001), an 
ENSO index. This study reflects an effort to articulate an inter-regional appraisal of skipjack pole-and-line fisheries embed-
ded in the context of a globally changing climate, in the face of which emerging economies are the most vulnerable. Evidence 
of common patterns influencing these fisheries should encourage international South-South cooperative management and 
understanding of the resource. 
Keywords: oceanic fisheries; inter-regional oceans; ENSO; teleconnections; tRFMOs; bonito.
Estudio comparativo de los recursos pesqueros de bonito listado Katsuwonus pelamis (Scombridae) de los océanos 
Atlántico Sur e Índico Oeste
Resumen: El listado, Katsuwonus pelamis, habita los océanos tropicales y subtropicales del mundo, y contribuye substan-
cialmente a la captura total de la flota atunera. Sus poblaciones son afectadas por la presión pesquera e influencia antrópica, 
impactando en el rendimiento económico e inversiones. El presente estudio analiza y compara series temporales de captura 
y captura por unidad de esfuerzo (CPUE) de las pesquerías de línea de mano y caña de Brasil, Sudáfrica y Maldivas. Se han 
realizado análisis regionales e inter-regionales para el periodo 1970-2014 a fin de investigar potenciales asociaciones entre 
estas pesquerías, condiciones climáticas y el fenómeno de la Oscilación del Sur - El Niño (ENSO), habiéndose empleado tests 
de correlación y herramientas de mapeo. Entre 2004 y 2011, las capturas sudafricanas de bonito listado correlacionan positi-
vamente con las brasileñas, y negativamente con las maldivas. Las CPUEs de las pesquerías de Brasil y Maldivas demostra-
ron una correlación positiva para el periodo 1982-1993. Las capturas anuales para todas las regiones resultaron fuertemente 
relacionadas con el Índice de Oscilación del Norte (NOI) (p<0.001), un índice de ENSO. Este estudio refleja un esfuerzo para 
articular una evaluación de la pesquería de línea y caña del listado en el contexto de un clima cambiante, frente a lo cual las 
economías emergentes son las más vulnerables. Al poner en evidencia pautas de influencias comunes a estas pesquerías, se 
espera fomentar la cooperación internacional Sur-Sur para un manejo y comprensión de las dinámicas del recurso. 
Palabras clave: pesca oceánica; océanos inter-regionales; ENSO; teleconexiones; ORPs; listado.
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INTRODUCTION
Temporal and spatial fluctuations in the abundance 
of oceanic pelagic populations spread geographically 
around the globe are common (Cushing 1975). The 
causes of these fluctuations may be exogenous (envi-
ronmental or anthropogenic) or endogenous to the or-
ganism (e.g. ontogenetic drivers) (Ricker 1954). This 
scenario applies to some tuna stocks, including the 
skipjack tuna, Katsuwonus pelamis (Linnaeus, 1758), 
known as bonito-listrado in Brazil, katunkel, or ocean 
bonito in South Africa, and godhaa (bigger) or kadu-
mas (smaller) skipjack in the Maldives. 
The skipjack belongs to the family Scombridae and 
inhabits tropical and subtropical areas of the globe. 
On average, 85% of skipjack catch occurs in waters 
warmer than 24°C (Fonteneau 2003). This resource 
is of particular importance, accounting for 57% of 
the global industrial tuna catch in 2016, and is mainly 
processed by the canning industry. Skipjack catches to-
talled 2.79 million t in 2016 (ISSF 2018), and currently 
8.5% of worldwide catches are made by the pole-and-
line fleet. In Brazil and the Maldives, the resource is 
well-known. Catches in Brazil were seen to increase 
until 2014, while in the Maldives, 2006 marked the 
beginning of a strong and unsettling decline that con-
tinued until recent years. Off South Africa, skipjack 
catches are 1000 to 10000 times lower than those from 
Brazil and the Maldives, and the highest catches were 
recorded in 2012.
In Brazil, this fishery began in Rio de Janeiro in 
1978, and today the Brazilian southeastern coast hosts 
strategic spots at both the global and national scales. 
The fishery here is considered sustainable, although it 
is not officially certified as such, and it accounts for 
10.2% of total Atlantic skipjack catch (ICCAT 2017). 
Purse-seine fleets dominate the skipjack fishery in the 
eastern Atlantic Ocean, where catches are seven-fold 
higher than those in the western Atlantic Ocean. In the 
eastern Atlantic, fishing is concentrated between 20°N 
and 25°S. Skipjack catches have been recorded since 
the 1960s off Namibia, composing a fraction of the 
55.6 t of mackerels, tunas and bonitos caught in the 
region in 1978, and totalling only 0.01 t in 2014 (Bel-
habib et al. 2016). South African tuna fisheries have no 
fleet specifically targeting skipjack tuna and therefore 
no effort directed towards it; it is caught as bycatch.
Unlike the Brazilian and South African fisheries, the 
Maldivian skipjack fishery is well developed and regu-
lated, accounting for 16% of the total catch (446723 
t) within the Indian Ocean (IOTC 2017). The Maldiv-
ian pole-and-line skipjack fishery has been certified as 
sustainable by the Marine Stewardship Council since 
2012 (MoFA 2013), while the yellowfin tuna pole-and-
line fishery is presently suspended. Despite the market 
demand for canned and frozen tuna, the Maldives skip-
jack caught by regional fleets are mainly earmarked to 
be traded and consumed locally (IOTC 2017). 
The current study is part of an international mul-
tilateral research initiative aimed at planning climate 
change adaptation in marine warming hotspots of the 
Southern Hemisphere (Popova et al. 2016). Several 
studies have analysed catch, effort and catch and ef-
fort time series related to skipjack fisheries in the 
southwestern Atlantic (Andrade 2003, Meneses de 
Lima 2006), the east Atlantic (Fonteneau 1986) and 
the Indian Ocean (Ménard et al. 2000, Adam and Sib-
ert 2002, Dueri et al. 2014). Climatic conditions such 
as temperature and its variation not only affect the 
global distribution of this resource (Arrizabalaga et 
al. 2014), but also the fishers’ strategies. For example, 
Andrade et al. (2005) show that days with rain tend to 
decrease skipjack CPUE in the southwest Atlantic. On 
a larger scale, atmospheric and sea surface tempera-
ture are periodically shaped by large-scale climatic 
phenomena such as the El Niño Southern Oscillation 
(ENSO) (Dong et al. 2006). These large-scale climate 
anomalies result in physical and biological impacts in 
oceanic regions, which can in turn affect ecosystems 
on a more local level. Decreases in catch and catch 
rates in the Maldivian skipjack fisheries during ENSO 
years are addressed by Hafiz and Anderson (1994) 
and Kumar et al. (2014). However, El Niño impacts 
on the Brazilian skipjack fisheries have yet to be in-
vestigated, and nor has a recent comprehensive inter-
ocean comparison across these three areas been un-
dertaken. With climate and ocean conditions in these 
basins highly interconnected (Nicholson 1997), such 
an inter-ocean comparison is important. The Brazilian 
and Maldivian fisheries are of primary importance in 
their home countries, particularly as emerging or de-
veloping nations potentially face greater vulnerability 
from climate change effects on fisheries (Allison et 
al. 2009). Therefore, understanding how teleconnec-
tions can impact commercially important fish stocks 
helps to formulate hypotheses on how they may be 
influenced by potential climate variations, and to an-
ticipate challenges and opportunities. 
This study aimed to review pole-and-line fisheries 
data of skipjack Katsuwonus pelamis sub-stocks from 
the southwestern and southeastern Atlantic Ocean, and 
from the Maldives in the western Indian Ocean. Intra 
and inter-annual similarities and discrepancies were 
explored for the periods 1981-1993 and 2004-2011 
by investigating time series of skipjack catches in the 
three areas studied and catch per unit effort (CPUE) 
off the southeastern Brazilian coast and the Maldives. 
Space-time variation of the geographic location of 
fishery events was also addressed, including a possi-
ble association with regional atmospheric temperature 
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and rainfall patterns. Finally, we explore the potential 
influence of El Niño and/or La Niña events on skipjack 
catches. 
MATERIALS AND METHODS
Study areas and data
The three study areas: (i) the southwestern Atlantic 
Ocean (SWAO), (ii) the southeastern Atlantic Ocean 
(SEAO) and (iii) the western Indian Ocean (WIO) are 
shown in Figure 1. The descriptions and boundaries of 
the study areas follow. 
(i) The SWAO is demarcated by a rectangle from 
10°S to 40°S and 29°W to 60°W. This area corresponds 
to Brazil’s southeastern coast, where we considered a 
Brazilian sub-stock (from now on referred to as BR). 
This delimitation covers statistical area 41 outlined by 
the Food and Agriculture Organization of the United 
Nations (FAO), and also corresponds to the ‘Southwest 
Atlantic’ compartment suggested by the International 
Commission for the Conservation of Atlantic Tunas 
(ICCAT). The oceanic circulation pattern in this region 
is dominated by the Brazil Current and the Brazil-
Malvinas confluence (or Subtropical Convergence, 
around 33-38°S) (Campos et al. 1995). Catch, Effort 
and geographic coordinates of the fishing events were 
taken from the ICCAT online database ‘Task II - Catch 
and Effort’ (T2CE) (consulted 4 February 2016). The 
time series covered three separate periods. The first 
set of data encompassed 1981-1999; the second 2001-
2011; and the third 2013-2014. Data with zero catch 
and a positive effort were considered, while blank 
catch and effort records were removed. Thus, 5819 
data records were used for the Brazilian analysis. 
(ii) The SEAO was defined as the area encom-
passed by latitudes 25°S and 40°S, and the meridians 
05°E - 30°E. Fishing effort is concentrated in the vicin-
ity of the Benguela Current Large Marine Ecosystem 
as far north as 20°S (ICCAT 2014b). Data for skipjack 
incidentally caught by the pole-and-line fleet off South 
Africa (from now on referred to as SA) targeting the 
Thunnus albacares (yellowfin tuna) were used. Catch 
data and geographic coordinates of the fishing events 
were provided by the South African Department of 
Agriculture, Forestry and Fisheries. There were no ef-
fort data for this region. The time series encompassed 
the period 2003-2013, with no data for the months 
from July to September. A total of 1513 records were 
analysed.
(iii) The WIO was delimited by the Equator and 
the 45°S latitude, and the longitudes ranging from 
20°E and 80°E; north of the Equator, the study area 
reached the 77°E longitude and the northern limit is 
imposed by the Asiatic continent. This cut-out is the 
same as that adopted by the Indian Ocean Tuna Com-
mission (IOTC) and coincides with statistical area 51 
of the FAO. As pole-and-line skipjack catches in this 
region are almost exclusively caught by the Maldiv-
ian fleet (MPHRE 2016) and the Indian fleet is active 
in a smaller area (5°N; 72.5°E) and for specific years 
only, the present study considered only catch data from 
the Maldivian skipjack fishery (hereafter referred to as 
MA). Data were sourced from the IOTC online data-
base ‘IOTC-2016-DATASETS-CESurface’ (consulted 
4 February 2016). A total of 9412 records of catch, ef-
fort and geographic coordinates of the fishing events 
were analysed. The MA time series covered the periods 
1970-1993 and 2004-2014.
Air temperature (in °C) and rainfall (in mm) data 
for Brazil, South Africa and the Maldives were down-
loaded from the Climate Change Knowledge Portal 
for Development Practitioners and Policy Makers. 
The dataset is made available online (http://sdwebx.
worldbank.org/climateportal/index.cfm) (consulted 3 
November 2018) by the World Bank Group and in-
cludes climate and seasonality baselines by country, 
year and month. 
Inter-annual and seasonal analysis
Inter-annual and seasonal comparisons were car-
ried out through the R-studio software for annual total 
catches reported in the three areas, while the median 
CPUE was calculated for the BR and MA stocks only. 
Annual total catch was defined as the sum of all catches 
Fig. 1. – Pole-and-line skipjack fishing events (in red) off BR, SA and the MA (data sourced from ICCAT 2014a, IOTC 2016). The dotted line 
indicates the 200 m isobaths; the grey areas correspond to depths greater than 4000 m.
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in t. The median CPUE was estimated as the median of 
each CPUE. For BR CPUE analysis, the year 1981 was 
not included, as CPUE for this year was given in t per 
effective fishing day, which differed from the rest of 
the data set (given in t per fishing day). This calculation 
was made for each record of a given year (inter-annual 
analysis) and for the records of each month of every 
year (seasonal analysis) in order to plot the respective 
yearly and monthly catch series. 
We first verified the yearly tendencies, adjusting a 
linear function and obtaining the adjusted R-squared 
(using Ezekiel 1930 cited in Legendre et al. 2011) for 
the periods of time in accordance to the available sets 
of data. The BR time series was divided into three 
periods, and two linear regressions were adjusted: one 
for the period 1981-1999 and the other for 2001-2011 
and 2013-2014 combined. For the MA and SA data, 
a linear regression was applied for each data period. 
The Spearman coefficient was chosen to measure the 
association between the time series of catch, CPUE, 
temperature and rainfall for both annual and monthly 
analysis between the three regions. 
Space-time distribution
Inter-annual and seasonal maps were plotted to 
analyse the space-time fluctuations of catch and 
CPUE. Since the geographic seasonality of the aver-
age quarterly catch off Brazil and the Maldives is very 
analogous to the CPUE distribution, and the SA plot 
did not show significant trends in terms of distribution 
of fishing activity, only data for space-time distribution 
of Brazil and MA’s CPUE are subsequently presented. 
We used the ggmap (Kahle and Wickham 2013) and 
mapproj (McIlroy 2015) packages in Rstudio. The 
geographic coordinate records within the data sets 
were grouped in statistical squares of 1°×1° (for all the 
study regions); 5°×5° for the MA and BR regions; and 
10°x10° (for the BR region). 
El Niño Southern Oscillation 
The occurrence of the global ENSO climatic 
event was compared with the mean yearly catches. 
The Northern Oscillation Index (NOI) time series, 
used as an indicator of ENSO, was sourced online 
from the Climate Prediction Centre of the National 
Oceanic and Atmospheric Administration through 
its ERDDAP data server (available at https://upwell.
pfeg.noaa.gov/erddap/info/erdlasNoix/index.html, 
variable “noix”) (consulted 24 October 2018). The 
index reflects the variability in equatorial and extra-
tropical teleconnections and represents a wide range 
of local and remote climate signals (Schwing et al. 
2002). A negative NOI indicates the occurrence of 
El Niño, while the opposite is associated with La 
Niña. Median yearly catch values were calculated 
for the time series and then plotted against the NOI 
indices for the same year, based on the methodol-
ogy proposed by Ormaza-González et al. (2016). 
Polynomial regression curves were obtained using 
locally estimated scatterplot smoothing (LOESS), 
and R-squared values were calculated from the curve 
parameterization. We then investigated potential 
correlation between the catch and the NOI signal for 
each studied region through Spearman coefficient 
calculation. 
RESULTS 
Inter-annual analysis
Catch
Figure 2 shows a plot of the total skipjack catches 
for each region. Off the South Brazil shelf, total skip-
jack catches increased by about 700% from 1981 to 
1985. Thereafter, values fluctuated around 8000 t, 
with a peak in 2014. Although no correlation was 
found (rs=0.17, p<0.05), the BR and SA time series 
visually displayed similar behaviours from 2007 on-
wards, i.e. an increase in catches from 2007-2009, 
followed by a drop in 2010, and again an increase in 
the following year. In the SA region, catches were 
1000 to 10 000 times lower than those recorded in 
BR and MA. The catch data for MA showed a general 
increase in 1970-1993 (R2=0.66), with the highest 
catches (137 535.37 t) recorded in 2006, followed by 
Fig. 2. – Annual total catches in t for BR, MA and SA skipjack 
fisheries.
Fig. 3. – Mean yearly skipjack catch as a function of the atmospheric 
temperature in the Maldives for 1970-2014.
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a general decreasing trend (R2=0.67). Spearman coef-
ficient analysis showed a strong negative correlation 
between the MA and SA skipjack catches between 
2004 and 2011 only (rs=–0.833, p<0.05). Regarding 
climate data, both BR and MA showed a clear trend of 
rising temperatures (R2=0.749 and R2=0.625, respec-
tively) over the years. Only the Maldives mean yearly 
skipjack catch displayed a significant positive asso-
ciation with the region’s mean temperature (rs=0.645, 
p=2.91e–5) (Fig. 3).
Space-time distribution 
Between 1980 and 1995, the distribution of skip-
jack catches in BR (Fig. 4) did not appear to vary sig-
nificantly: fishing was concentrated between latitudes 
32.5°S and 33.5°S. In 1996-2003, isolated catches 
higher than 1000 t were evident. Over time, the point 
cloud gets thicker and pulls away from the coast. 
Off South Africa, fishing remained located off 
the west coast during both periods analysed, in the 
vicinity of False Bay (Fig. 5). Interestingly, skipjack 
has also been caught further offshore in recent years 
(2011-2013). 
In MA (Fig. 6), between 1970 and 2010, fishing 
activity was performed in a narrow belt between 70° 
and 74° longitude. In more recent years (2011-2014), 
although the latitudinal distribution of fishing activity 
remained the same, the fishing area appears to have 
expanded further west and east.
Fig. 4. – Space-time distribution of the total catch by time period 
off southeast BR. A stronger or lighter red colouration indicates the 
density of the point cloud.
Fig. 5. - Space-time distribution of the total catch by time period 
off SA.
Fig. 6. – Space-time distribution of the total catch by time period in 
the Maldives.
Fig. 7. – Annual median CPUE per studied region.
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Catch per unit effort 
Figure 7 shows the median CPUE time series data 
for BR and MA. Values varied between 0 and 11 t/fish-
ing day or t/effective fishing day in BR; and between 0 
and 2 t/trip or t/fishing day in MA.
There was considerable fluctuation of CPUE through-
out the BR time series, and the corresponding adjusted 
R-square was low and non-significant (p=0.85). In the 
Maldives, the highest CPUE occurred in 2006, prior to a 
decline until 2009. The data suggest that over the entire 
period there has been a gradual increase in CPUE since 
1970: a linear model showed reasonable adjustment (p-
value of around 10–14). Median CPUE values were posi-
tively correlated between 1982 and 1993: the Spearman 
coefficient was 0.594 (p=0.023). 
Fig. 8. – Average monthly skipjack catch (in t) in Brazil (A), South Africa (B) and the Maldives (C), overlapped by the average monthly 
temperature (in °C, orange curve), and the average monthly precipitation (in mm, blue curve).
Table 1. – Spearman correlation coefficient calculated between both yearly and monthly average catch (t), air temperature (°C) and rainfall 
(mm), in the three studied area. The asterisk indicates significant correlation. 
Brazil Yearly Mean air temperature (°C) Mean rainfall (mm)
Mean catch (t) rs=0.346 p=0.0530 rs=0.346 p=0.0533
Mean air temperature (°C)  rs=–0.183 p=0.314
Monthly Mean air temperature (°C) Mean rainfall (mm)
Mean catch (t) rs=0.140 p=0.667 rs=0.804* p=0.003
Mean air temperature (°C)  rs=0.573 p=0.055
South Africa Yearly Mean air temperature (°C) Mean rainfall (mm)
Mean catch (t) rs=0.582 p=0.066 rs=–0.345 p=0.299
Mean air temperature (°C)  rs=–0.255 p=0.451 
Monthly Mean air temperature (°C) Mean rainfall (mm)
Mean catch (t) rs=0.617 p=0.086 rs=0.533 p=0.148
Mean air temperature (°C)  rs=0.967* p=1.7e–4
Maldives Yearly Mean air temperature (°C) Mean rainfall (mm)
Mean catch (t) rs=0.645* p=2.91e–5 rs=–0.151 p=0.386
Mean air temperature (°C)  rs=–0.066 p=0.705
Monthly Mean air temperature (°C) Mean rainfall (mm)
Mean catch (t) rs=–0.182 p=0.573 rs=0.133 p=0.683
Mean air temperature (°C)  rs=–0.601 p=0.043
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Seasonal analysis
Catch
Off Brazil, catches were higher during summer and 
autumn (January to May) (Fig. 8A), with the lowest 
catches occurring two months after the lowest mean 
temperature (24°C) and rainfall (40 mm) were re-
corded. This association is supported by the significant 
Spearman correlation found among these variables 
(Table 1). Climatic data for South Africa (Fig. 8B) fol-
low the very same pattern as those of Brazil, and so do 
skipjack catches, which also peaked in summer. The 
Spearman coefficient was 0.883 (p<0.05), indicating a 
positive correlation between monthly catches of both 
regions (except for the months July to September).
However, in MA (Fig. 8C) catches were higher dur-
ing months 11 and 12, when temperatures are lower 
(~27.5°C), and rainfall more intense (200-250 mm). 
Catch per unit effort 
In BR, the pattern related to monthly CPUE in t/
fishing day was similar to that of monthly total catches, 
i.e. lower values characterizing the winter period. In 
contrast, t/effective fishing day data showed consider-
able fluctuation. 
The highest CPUE occurred in July (the austral 
winter). In the Maldives, the average CPUE in t/trip 
(which is usually equivalent to t/fishing days) varied 
slightly from month to month. It was somewhat higher 
during the months corresponding to the intermediate 
and northeast monsoon (Oct–Dec). The t/fishing day 
data highlight greater average CPUEs with few varia-
tions between April and September, partly correspond-
ing to the summer monsoon (Jun-Sep). No significant 
correlation was found between monthly average CPUE 
(Spearman coefficient was in all cases around 10–1) for 
BR and MA. 
Space-time distribution
Quarterly space-time distribution of skipjack fish-
eries CPUE in BR shows that from January to March 
higher CPUEs are concentrated at latitudes higher than 
28°S and reach the mouth of the La Plata River (Fig. 
9). Between April and June, the point cloud is narrower 
and shorter in its south and southeast sides, and seems 
Fig. 9. – Quarterly maps of the total CPUE off Brazil (units: in blue 
t/fishing day; in red t/effective fishing day).
Fig. 10. – Quarterly maps of the total CPUE in the Maldives (units: 
in blue t/fishing day; in red t/trip).
Fig. 11. – Median yearly skipjack catch in Brazil as a function of NOI signal, adjusted with a non-linear parametrized curve (rs=0.578*, 
p-value=3.52e–4).
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to grow northward. This tendency was accrued in win-
ter, and reversed during the austral summer. 
MA skipjack fisheries (Fig. 10) did not reveal a 
CPUE seasonal dynamic as clearly as happened off 
southeastern Brazil. The effort in MA computed in t/
fishing day had a sparser geographic distribution than 
the effort computed in t/trip, irrespective of the season. 
The blue dots (t/fishing days) show higher catches in 
the west of the atolls between April and September, 
while the same area was somewhat less productive 
from October to March. Between July and September, 
CPUE increased offshore the atolls, while between 
January and March the fishing events were concen-
trated mostly around the atolls. 
El Niño Southern Oscillation
Figure 11 illustrates the variation of mean yearly 
catch as a function of the NOI for BR. The non-linear 
regression explained 40% of the yearly catch distribu-
tion pattern, suggesting that higher catches are associ-
ated with a NOI of –1 and 0.5, while lower catches 
are associated with neutral years (NOI around 0). The 
years 1998 and 2003, well-known El Niño years, stand 
out with a higher skipjack production. Overall, the 
highest catches occurred within a NOI ranging from 
–1 to 1. In SA (Fig. 12), 67% of the catch could be ex-
plained by the NOI, with lower catches occurring dur-
ing neutral years and a high NOI. The pattern observed 
for MA (Fig. 13) is similar to that of BR, with catches 
declining on both sides of the 0.5 NOI scale, follow-
ing the adjusted non-linear regression. Interestingly, all 
three time series of median yearly catch were strongly 
correlated with the NOI signal (Table 2). 
DISCUSSION 
Inter-annual analysis
This study aimed to identify possible common 
trends between the skipjack fisheries, and to serve as a 
starting point for further comparative analyses of cross-
ocean basin fisheries. Our results suggest a positive 
correlation between total skipjack catches in BR and 
SA, although many factors not taken into account here 
may influence catch. The common increasing trend 
may be linked to the overall development of the fisher-
ies, and influenced by the considerable fluctuation of 
Table 2. – Spearman correlation coefficient calculated between 
median yearly catch (t) and NOI. The asterisk indicates significant 
correlation. 
Median yearly catch Spearman correlation with NOI
Brazil rs=0.578*  p=3.5 10–4
South Africa rs=–0.799*  p=3.24 10–7
Maldives rs=0.609*  p=1.4 10–4
Fig. 12. – Median yearly skipjack catch in South Africa as a function of NOI signal, adjusted with a non-linear parametrized curve (rs=–0.799*, 
p-value=3.244e–7).
Fig. 13. – Median yearly skipjack catch in the Maldives as a function of NOI signal, adjusted with a non-linear parametrized curve (rs=0.609*, 
p-value=0.141e–3).
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catch data (c.f. the low R2 found for the linear regres-
sion of BR catch time series), which can camouflage 
the status of the stocks (ICCAT 2014b). Additionally, 
different species of tuna can make up the so-called 
“mixed banks”: in the southwest Atlantic Ocean, 5% 
of the catch resulting from the effort directed towards 
skipjack tuna is composed of yellowfin tuna (Thunnus 
albacares) (Andrade et al. 2015), so the CPUE calcula-
tion can be biased. The data used for SA in the present 
study refer to incidental catch of the skipjack by the 
fleet targeting albacore, which explains the lack of ef-
fort data regarding SA skipjack catches. Nevertheless, 
the data highlight an increase in skipjack catches be-
tween 2003 and 2013, which corresponds with ICCAT 
(2014b) observations that skipjack catches in the east-
ern Atlantic have risen considerably between 2010 and 
2013. In MA the opposite occurred, as emphasized by 
the significance of the negative correlation coefficients 
between SA and MA data. An abrupt decline in total 
catches occurred from 2006 to 2012, and was also ob-
served for the Indian Ocean as a whole (IOTC 2010). 
According to Fonteneau (2003), the Indian Ocean is 
the second most productive ocean in terms of skipjack 
catches, reaching 0.4 million t as a result of 20 years 
of rising catches starting in the 1980s. This increase 
could be linked to the technological improvement of 
the fleet, as well as the development of Fish Aggrega-
tion Devices (FADs). More recently, the decrease in 
skipjack catches in the Maldives fishery until 2010 
can be attributed to a number of factors, such as (i) an 
improvement in data collection; (ii) a new competition 
with handliners; and (iii) a reorientation of the effort 
targeting albacore (IOTC 2017). We show that this 
trend persisted for two years more. The strong associa-
tion found between yearly catch and air temperature 
should also be interpreted under the light of these 
structural factors influencing the fishery productivity, 
since this result is not reflected in the seasonal analysis. 
However, the increasing temperature observed over 
the years may not only influence the behaviour of the 
resource itself (Arrizabalaga et al. 2014), but also the 
integrity of anglers’ communities in the Maldives, one 
of the small-island developing states ranked among the 
most vulnerable countries in the face of climate change 
(Blasiak et al. 2017). 
Although catches are declining, the increasing 
CPUE implies either a reduction in biomass or a si-
multaneous decrease in fishing effort. IOTC (2015), 
however, reports an increase in Maldivian fishing ef-
fort (which composed almost the totality of skipjack 
harvesting in WIO) over time, related to the develop-
ment of mechanization within the fleet starting from 
1974, as well as the growing use of FADs (or Olivaal-
iKandhufathi in Maldivian). These devices can, among 
other consequences, decrease the time spent searching 
for the shoal, since the fishes are previously spotted. 
Andrade et al. (2007) argue that this change could 
be one source of error for the estimation of effort in 
‘fishing days’, and therefore for the determination of 
CPUE, which consequently exhibits more noise, as 
verified in the present study. However, the findings of 
Medley et al. (2017) suggest that FADs are not a main 
source of variation among CPUE time series. This sup-
ports the possibility of comparing BR skipjack fishery, 
in which no FADs are used, with that of MA. Instead, 
‘other fish catch’, ‘atolls’ and ‘vessel length’ stand out 
as primordial drivers of CPUE variation in the MA. 
The fact that we do not standardize the CPUE data in 
the present study might explain the difference from the 
results found by Medley et al. (2017) for MA skipjack 
CPUE, as well as skew the comparison among ocean 
basins, and this must be a primordial aspect to address 
in a further comparative study. Still, the plot obtained 
for CPUE in BR is similar to the one found by Meneses 
de Lima (2006) after a standardization of the CPUE 
through a generalized linear model. 
With regard to the spatial catch and CPUE distri-
butions off BR, a southward and offshore expansion 
over the decades is noticeable, mainly from the CPUE 
mapping between 2004 and 2010. This tendency 
indicates (i) a higher availability of the stock off the 
southern states of Brazil and (ii) a development in the 
fleet capacity over time, underlying the rising trend of 
the yearly catch. The increase in fishing power aris-
ing from the upgrade of the Brazilian skipjack fleet 
concerns mainly the national boats, which specialized 
their infrastructure. The technical improvements such 
as the installation of ponds for the live bait and lateral 
jet of water (Meneses de Lima et al. 2000), together 
with strong national subsidies (Abdallah and Sumaila 
2007), fostered the development of an industrial skip-
jack fishery in Brazil. Skipjack catches from South 
Africa also show a movement towards the open ocean, 
but the data are limited and are for fleets targeting yel-
lowfin. In contrast, the Maldivian skipjack fleet targets 
a similar area every year. This pattern is probably 
linked to FAD positioning, although the number of 
dots indicating skipjack fishing events (more than 72) 
does not match with the 45 FADs recorded by Shainee 
and Leira (2011). Over the years, the areas showing the 
highest fishing activity by this fleet follow the contours 
closer to the Maldivian islands, with catch and CPUE 
declining towards the open ocean.
Seasonal analysis
The evident seasonal trend in the monthly catch 
analysis in both Brazil and SA (lower catches in the 
austral winter and higher catches in summer) are sup-
ported by strong correlations within and between the 
studied regions. Indeed, from July to September (end 
of winter), the reduction in skipjack catches may ex-
plain the lack of skipjack catches off SA for this period. 
The results echo with those of Andrade (2003), who 
demonstrates that the seasonality of skipjack catches 
within the southwestern Atlantic Ocean is largely at-
tributed to sea surface temperatures. A global rise in 
temperatures arising from climate change could there-
fore, in the short term at least, benefit skipjack fisheries 
production in BR and SA. However, unlike Andrade 
et al. (2005), who suggest that rainy days have nega-
tive effects on CPUE, we find that months with higher 
rainfall rates are strongly associated with higher skip-
jack production in Brazil. This discrepancy could be 
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explained by the data used (logbooks and fishermen’s 
indications for Andrade et al. 2005), but this relation 
should be further investigated. The Maldivian context 
is shaped by the monsoon climate: catches peak in June 
prior to the lower total monthly catches coinciding with 
the summer monsoon, confirming the results obtained 
by Koya et al. (2012). The weak association between 
monthly catches and climatic indicators may be linked 
to the presence of FADs, which to some extent guaran-
tee skipjack availability, and the fishing ground is set 
in advance.  
The same seasonal component defines the monthly 
CPUE variation in BR. Meneses de Lima (2006) links 
the typical weather conditions in winter, namely low 
temperatures, strong winds and rough seas, with a 
decrease in the occurrence and/or success of a fishing 
event (unsuccessful fishing days account for 49.2% of 
the total in July, whereas in January this percentage 
typically drops down to 11.9%). In contrast, in MA, 
the monthly CPUE does not indicate a seasonal pattern 
as it does in BR. If the influence of FADs on CPUE 
has not been considered in this study, neither was a 
consensus found in the literature on a seasonal pattern 
in skipjack abundance in MA. 
The spatiotemporal catch and CPUE distribution 
off southeastern Brazil confirmed the results of An-
drade (2003) and Meneses de Lima (2006). CPUE 
north and southward longitudinal movement is cor-
related with summer and winter, respectively. Around 
the Maldives, the results obtained match with those of 
Yesaki and Waheed (1992), who noted a displacement 
northward from May onwards (summer monsoon), and 
southward from November onwards (winter monsoon). 
Seasonal CPUE mapping suggests little west-east 
movement. Similarly, Wang et al. (2014) found that 
seasonal variations in the longitudinal gravitational 
centre of skipjack catch in the Pacific is higher during 
El Niño events and for free schools (unlike FAD asso-
ciated schools). However, since Govinden et al. (2013) 
conclude that the longest time skipjacks spend associ-
ated with FADs is 12.8 days in January, compared with 
no longer than 1 day November, although the presence 
of FADs likely influences skipjack movements, some 
seasonal and spatial variations in the stock abundance 
should be further observable, which was not the case 
in the present study. Thus, these variations are intrinsi-
cally linked to the environmental oscillations and the 
use of FADs. 
The comparison between Maldivian and Brazilian 
skipjack population dynamics is hampered by the very 
different climate and currents regimes prevailing in 
each region, while SA climate conditions are closer to 
those of BR. Castello and Habiaga (1989) stated that 
seasonal skipjack distribution varies with the seasonal 
behaviour of the Subtropical Convergence off BR. 
Similarly, in the Indian Ocean, a second—although 
contested—explanation for the monsoon phenomena 
is linked with a seasonal migration of the Intertropical 
Convergence Zone (ITCZ) (Gadgil 2003). Thus, if we 
find (i) a relation between skipjack seasonal displace-
ments and the monsoon climate and (ii) an association 
between the monsoon dynamics and the ITCZ regu-
latory mechanisms, then we might hypothesize that 
skipjack movements could be influenced by the ITCZ 
migration pattern. 
El Niño Southern Oscillation
Our findings reveal a strong correlation between 
the NOI and the yearly catch time series for the 
three study areas. However, as only catch data and 
not CPUE were used, the highest catches in Brazil 
noticeably occur in more recent years, while catch 
related to the early stages of this fishery is located 
on the graph below the adjusted curve. The higher 
R2 found for the SA curve can be interpreted in light 
of the incidental nature of these skipjack catch data 
(bycatch of the SA tuna fleet). As a result, the quan-
titative oscillations of the catch reflect more directly 
the abundance and occurrence of the resource. In-
deed, landings declined with an increase in the NOI, 
similarly to the findings of Ormaza-González et al. 
(2016). Without the use of ENSO indexes, the differ-
ent attributes of which are not discussed here, Hafiz 
and Anderson (1994) found that abrupt drops in skip-
jack catches by the Maldivian fleet were correlated 
with El Niño years. This pattern was also evident 
in our study, albeit for only some El Niño events. 
This finding implies that the effect of ENSO events 
on catches may be inconsistent, as already suggested 
by Hafiz and Anderson (1994). Furthermore, we did 
not consider the time lag between the occurrence of 
El Niño events and the resultant impact on skipjack 
habitats. This aspect could also, in addition to the 
climatic indices, interconnected hydrodynamic char-
acteristics or teleconnections, often influence fish-
ing patterns and the relative abundance of skipjack 
stocks found in the study regions. 
This study primarily aims to improve our under-
standing of the links between climate variability and 
skipjack fisheries from a cross-ocean basins approach. 
We find strong similarities between Brazilian and 
South African skipjack catches, as well as between 
their responses to air temperature and rainfall season-
al conditions. Although interesting associations with 
the Maldivian skipjack production were also found, 
the predominance of the monsoon climate and intense 
use of FADs should be considered in further analyses. 
Similarities in catch and spatial distribution of skip-
jack as a fishing resource do exist between southern 
regions of the globe, and inter-comparative analysis 
is key for depicting which and how global factors 
affect production. The roles of ICCAT and IOTC in 
managing tuna and tuna-like species in the Atlantic 
and Indian Ocean, gathering, analysing and making 
available the data for the relevant fishery, are crucial. 
However, this study calls for further inter-oceans 
investigations and dialogue at the southern latitude 
level, through South-South cooperation and coop-
eration between tuna regional fisheries management 
organizations (tRFMOs), in order to face the com-
mon key challenges of the fishing sector of emerging 
countries, ever more compromised in the context of 
global warming.
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